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DOES 2 HEAT TREATING 


& In heat treating miscellaneous small parts this 
Rotary-Hearth Furnace effects many economies. 

S. C. Furnaces are effecting similar economies in 
many industries. There is a correct design available 


for any given heat treating operation. 


S. C. Engineers, with their broad background of 


experience gained from thousands of industrial in- 
stallations, will be glad to help you with your heat 


treating problems. 


Surface Combustion Corporation 


TOLEDO, OHIO 


This Rotary-Hearth Furnace is being 
used for either heating of miscel- 
laneous small steel parts, the anneal- 
ing of electric steel, or for annealing 
of miscellaneous brass parts. 


The furnace has an inside diameter 
of 3 feet 6 inches available for work. 
Distance fram floor to hearth level 
is 36 inches. The capacity 300- 
350 pounds of net work per hour 


from 1200-1650? F. 


OPERATIONS 


In addition to a complete 
line of Standard Rated 
Furnaces, Standard Burner 
equipment, Surface Com- 
bustion designs and builds 
furnaces of either batch or 
continuous Carburizing, 
Hardening, Drawing, An- 
nealing, Galvanizing, Forg- 
ing. Also Controlled Atmos- 
phere furnaces for bright 
annealing of ferrous or non- 
ferrous metals, for gas car- 
burizing, forging, nitriding 
or clean hardening of steel 
— for either batch or con- 
tinuous operation. 


Sales and Engineering Service in Principal Cities 
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David Zuege, chief metallurgist of 
ivyer Steel Casting Co., Milwaukee, write 
the article starting on pege 292 of this ie 
which discusses the very important subject 
of ‘How to Specify Steel Castings in a Way 
That Will Get You What You Really Need 
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CHARACTERISTICS 


MAXIMUM 
PERFORMANCE 
AT MINIMUM COST 


Suitability of grade to purpose is the first essential of satisfactory 
service in alloy steel. 


/ 


Irrespective of analysis however, Timken Alloy Steels possess cer 
tain well-defined general characteristics that have a great influence 
on dependability, endurance and economy. 


— These characteristics are (1) uniform chemical and physical prop- 
_ \ erties (2) correct metallographic structure (3) accurate control of 


' the \ grain size (4) uniform response to heat treatment (5) minimum 
\ Whore \ distortion. 
| vpssarch and develop They enable shop practices to be simplified and stabilized; minimize 
\ machining costs; and assure uniform strength and fatigue resistance 
° fama in every part made from Timken Alloy Steels by any manufac- 
d turing method 


wrt | You will find these characteristics uniform throughout every heat 
i \ and shipment of Timken Steel whether electric furnace or open 
hearth. They are made possible by the care and accuracy exercised 


el throughout Timken production processes, and the rigidity of 


— Timken quality control. 


Timken metallurgists will be glad to discuss your steel requirements 
or difhculties at any time convenient to you. We manufacture all 
standard and special analyses and specialize in the production of 
bearing steels and bearing steel tubing. 


THE TIMKEN STEEL AND TUBE COMPANY, CANTON, OHIO 


District Offices Representati Detroit Chicago New York Los Angeles Boston Philadelphia 


the 


Cleveland World's I 
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ELECTRIC FURNACE AND OPEN HEARTH - ALL STANDARD AND SPECIAL ANALYSES 
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Brinell impression showing absence of cracks in 
chrome-vanadium nitrided steel case 


BRINELL 


and 
not a Crack 


in this NEW Chrome-Vanadium Nitriding Steel 


CHROME-VANADIUM nitriding 
steel which develops a case so 
ductile that at 1,000 Brinell no cracks 
occur in the indentation...this is Elec- 
tromet's latest contribution to alloy 


steel progress. 


With many properties of the SAE 


6,100 series, this new steel has a wide 
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range of usefulness in every industry. 
Our Technical Bulletin CV 1 describes 


it in detail. Send for your copy today. 


Electromet 
Ferro-Alloys & Metals 


ELECTRO METALLURGICAL SALES CORP 
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OST OF THE METALLURGICAL 
Mi changes in the 1934 automobiles are in 

line with trends dating back several 
vears, and are being handled as a matter of 
routine, but the radical changes in design of the 
front wheel suspensions on many models have 
involved shop problems of far greater magni- 
tude. Any review of the present situation should 
therefore start from there. 

As time goes on, the American public gen- 
erally will become more than adequately in- 
formed about the reputed merits of the new de- 
signs, so they need not be described in detail. 
They fall broadly into three systems which may 
be termed “wishbone,” Dubonnet, and Baker; 
only the first two use helical springs instead of 
conventional semi-elliptics. The curious fact 
that so many cars are changing over simulta- 
neously may be ascribed to the “follow the 
leader” instinct — a desire not to be caught nap- 
ping in the prospective good market. Several 
years’ experience in Europe (where independent 
wheel suspension is common), checked by 
ample road and test track driving, indicates that 
the new designs will be quite reliable. 

Why, then, the delay in getting into produc- 
tion that we hear about? The first reason ap- 
pears to be that the 1933 models were in good 
demand during the fall and were kept in pro- 
duction up to the last moment, and it takes a 
certain time to change over to any new line-up. 
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by Ernest FE. Thum 


Editor, Metal Progress 


The second reason is that the automobile 
plants got into the spring manufacturing busi- 
ness themselves. Spring making has been in 
the hands of outside specialists catering to the 
industry, yet the makers of elliptical leaf springs 
and coiled valve springs were reluctant to in- 
stall the necessary new machinery and special 
furnaces without orders or guarantees which 
would warrant the investment. Experience with 
high quality springs has generally been limited 
to small sizes, say a valve spring at largest, and 
it is quite a jump up to these new ones, which 
may be coils of *4-in. rod, 5 in, outside diameter 
and 18 in. free height. On the other hand ex- 
isting makers of heavy coiled springs have long 
been used to the demands of railroad rolling 


stock and were unwilling to meet the specifica- 


tions set early in this development. 


Dodge's New Suspension 
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This situation created the necessity of de- 
veloping an art in new hands, and has provided 
a welcome opportunity for the metallurgists 
concerned to apply fundamental principles, in- 
stead of improving a conventional or inherited 
design. Quantity production of a heavy coiled 
spring really should involve (and has involved) 
no extraordinary difficulties. Its geometry is 
well known also the mechanics of design, 
both under static and dynamic loads. It is made 
of a heat treated steel rod, 
and the principles of heat 
treatment are now better 
understood than ever be- 
fore, and steels suitable for 
heavy springs in the rail- 
road and power industry 
have been known for many 
vears. Operating character- 
istics and dangers of coiled 
springs have also been long 


and intently Ustudied in 


his reconnaissance 


valve mechanisms. 

The problem was ap- 
proached with the more 
confidence because the lead- 
ing manufacturers of such parts have freely 
given advice from their accumulated experience 
in a most broad-minded manner, and prelim- 
inary experiments on springs manufactured 
without special precautions indicated no difli- 
culty in approaching a life (as measured by im- 
pacts which compressed the spring to operating 
limits) double that of the conventional leaf 
springs they are intended to replace. Further- 
more, conservative designers are making them 
slightly oversize for an added factor of safety, 
thus keeping the ultimate fiber stress at maxi- 
mum compression down to 85,000 Lb. per sq.in. 
in material whose yield point is approximately 
170,000, ultimate tensile strength about 200,000 
Ib. per sq.in., and hardness between limits of 387 
to 441 Brinell. 

In general, the manufacture is according to 
the following steps: Round rod of the proper 
analysis is rolled to very close tolerance as to 
size and roundness; it is cut to length and each 
piece passed through a centerless grinder to re- 
move scale, decarburized surface, and skin de- 
fects. Next the bar may be planished to iron 


out grinder scratches. After tapering the ends, 
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motor cars 


es in design, so the editor 
scouted the situation as 


far as metals are con- 


cerned and here presents 


the bar is heated to a minimum working tem- 
perature, about 1750° F., coiled and transferred 
hot from the mandrel to a through furnace 
where the heat is equalized and gradually 
brought to the proper quenching temperature. 
Quenching is done in an oil spray in a fixture 
under compression. Then the hardened spring 
passes through a drawing furnace, from which 
it may or may not be quenched. Lastly the coil- 
ends are ground for flat bearing. 

The above-mentioned 
heating is done under such 
atmospheric conditions that 


the expensively prepared 


announce- surface will be scaled as 
ments from makers of 


little as possible and de- 


foreshadow carburized not at all. What 
many interesting chang- 


oxide does form is then re- 
moved with a wire brush, 
and the springs inspected, 
visually for surface condi- 
tion (an all-important fac- 
tor) and for hardness (that 
is, strength). If the springs 
are not housed (as in the 
Wishbone type of suspen- 
sion) they are then primed and japanned. One 
claim for the Dubonnet type is that they are 
submerged in an oil-tight case, and thus are pro- 
tected from grit and corrosion, which may 
scratch or pit the surface at critical elements. 
The above routine is varied somewhat, plant 
to plant. Also, as experience accumulates, de- 
sign, heat treatment, and manufacturing routine 
will be refined to get the optimum results. Al- 
loys may also be changed. Just now the Chrys- 
ler plants are using carbon-molybdenum steel, 
whereas the General Motors preference is for 
silico-manganese, as goes into leaf springs. 
Before passing on, the real advantage of 
independent front suspensions may be noted. 
The gross weight at the front end is slightly in- 
creased, although the unsprung weight is usual- 
lv reduced. A better geometry is provided for 
the steering system — and therefore easier driv- 
ing — and the wheels may now move one-third 
further up or down before being checked by 
limit stops, and the vibration periodicity is 
lower by as much as 35 or 40°. Neither of 
the latter two advantages can be provided by 


redesigning the semi-elliptical springs without a 
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loss of sidewise stability or safety against the 
loads of rapid acceleration or braking, unless 
there is, simultaneously, a radical change in the 
design of the body and engine placement, as in 
the ultra stream-lined models. A slow period of 
oscillation on the main springs brings it close 
to the rhythm of walking rather than running, 
and thus is much less tiring to the occupant of 
the car. The ride seems smoother to him, al- 
though the maximum vertical displacement of 
the car due to a given bump in the road may be 


the same in both new and old designs. 


Gears, Carburized or Oil Quenched 


Agreement as to the relative advantages of 
carburized and oil quenched gears is a matter 
for the future, if ever. It does seem, however, 


that in those plants where ring gears and drive 


Automobile Makers are Borrowing an Old Spring-Making Art 
in [heir Manufacture of Large Helical Springs for Front Find 
Suspensions. (Photo courtesy ) anadium Corporation of America) 


pinions are carburized, the work is almost al- 
ways made of an alloy steel like S.A-E. 4615 
which can be single quenched direct from the 
pot. Another advance in the study of gears is the 
recognition that the results of a dynamometer 
test or service life may depend on numerous 
obscure factors. For instance, changing the 
diameter of a cutter has been known to change 
tooth profile enough for a 20°, difference in life 
during test. Again——at the Ford plant, special 
troughs have been built into a normalizing fur- 
nace reserved for ring gear blanks, and they are 
nested together, stood on cdge, and pushed 
through like an unending stack of dinner plates, 
because any method of loading trays will pro- 
duce inadmissible differences between those 
blanks in the top, bottom, and center of the piles. 

Further notes on Ford production of oil 
quenched ring gears may be taken to indicate 
standards achieved. (“Ring” gears for the V-&, 
bv the way, have solid centers and an axial boss 
at the rear, and are made of 1°, chromium steel 
containing 0.35 carbon.) After forging, normal- 
izing at 1850 F.. and machining, the gears are 
heated in cvanide to 1500° F. This takes about 
15 min.; the salt bath is rich in evanide to avoid 
any decarburization. Quench is in oil; the press 
has a duplex upper clamp — the center strikes 
lirst and is held down by a heavy spring; the 
outer portion is under air pressure. 

Quenched gears, now file hard and scale 
free, are washed and sent by endless conveyor 
through a drawing oven. Its developed length 
is approximately 360 ft. and the work is in it 
Dhr. $5 min. A bank of electric resistors covers 
the floor of all the passages, and heats the air to 
160°) F.; for some reason this time and temper- 
ature are required to get the same effect as an 
oil draw at 400°, but the advantage is absolute 
cleanliness and no operating labor. Inspection 
limits for flatness are + 0.002 in. measured 
simultaneously at quadrant points at the edge. 

Advantages of thin-walled carburizing boxes 
are generally recognized. Construction of a 
very satisfactory tvpe is a thin casting for a bot- 
tom to which is welded | ,-in. sheet or cast sides, 
more or less corrugated for stiffness. A thin 
cover casting completes the job. Well-made an- 
alvses of the 35° Ni, 15° Cr type have been 
found to be almost everlasting (as far as scale 


resistance is concerned), if sodium compounds 
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which attack high chromium alloys are excluded 
from the carburizer. Boxes of this type fail by 
warpage the top opening gradually changes 
from a rectangular to an hour-glass shape 
and the material gradually absorbs carbon to 
become so brittle that the sheets cannot be 
straightened out. One help is to weld a fairly 
stiff beading around the top edge. 

Chrysler men have pioneered the process of 
continuous gas carburizing of steering gears, 
as described fully in Merat Progress. Results 
have been so successful that sentiment in the 
Detroit district is freely expressed that this 
branch of the broad field of heat treatment in 
controlled atmosphere will be the next im- 
portant change in plant practice. Change over 
has been slow, so far, because an ample supply 
of quite usable equipment is on hand for car- 
burizing in solid compound, and it is very difti- 
cut to get an appropriation for new furnaces un- 
less some radically new part is to be built. An- 
other factor is that a considerable volume of 
production is required, so that a gas furnace can 
operate continuously. 

While) machinability is something — that 
doesm’t apply exclusively to gears and means 
different things in different shops, this absorb- 


ing topic may be mentioned in this section of the 
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Pinion, Ring Gear 
and Differential 
Assembly. This and 
the picture of cam 
shafts on page 21 are 
by Anton Bruehl for 
Cadillac Motor Car 
Co., and reproduced 
by their courtesy 


review, since it is probably the one metallurgi- 
cal factor that is given most attention in the 
automotive industry. As pointed out by Mr. 
McQuaid in Merat Progress last month, a defi- 
nite relationship has been established betweeen 
grain size as shown by the carburizing test and 
grain growth during normalizing, and the “ma- 
chinability” of the steel. Since uniformity in 
the steel is the first consideration, uniformity of 
grain size and grain growth is insisted upon, and 
this puts a real problem into the lap of the steel 
maker. He, in turn, seems to have had good suc- 
cess with the fine-grained steels (grain size 7 and 
8) and with the coarse-grained steels (grain size 
1 and 2), but the intermediate ones are fre- 
quently afflicted with “duplex” microstructure 

that is, substantially all grains of size 3 or 4, 
but with areas of 6 or 7 in a single field. 


Cast Crank and Cam Shafis 


Possible economies from the use of cast 
camshafts and crankshafts instead of heat treat- 
ed forgings have been intently studied for three 
or four vears. At present three cars in the 
Chrysler line as well as Hudson and Essex have 
cast cams, and about 1700 cast cranks for Ford 


\V-8's are being made daily. 


METAL PROGRESS 


Many engineers are strong in defense of 


forged rather than cast camshafts. A camshaft 
is a quite simple forging, light in weight, easily 
heat treated to good machinability, and then 
readily case hardened for proper wear. In 
service it is 100°. trouble free. “Why not let 
good enough alone?” 

On the other hand, a modern crankshaft is 
a very diflicult forging to make, with sharp 
bends close to one another and with large gath- 
erings of metal in cheeks and counterweights. 
It is so heavy that muscular fatigue of the ham- 
mer man sets a definite limit on production, It 
has become heavier and heavier as the designers 
have realized that stiffness is essential, and 
added metal for stiffness has reduced the maxi- 
mum working stresses to a figure that can easily 
be met in a heat treated alloy casting. 

The Ford cast crank is 10 Ib. lighter than the 
forging it replaces (70 lb.), since bearing centers 
can be cored out, and some surplus metal under- 
cul from the cheeks. It is made of a patented 
analysis high in copper and silicon, with some 
chromium and about 1.25'. carbon. The copper 
is in complete solution, thus strengthening and 
toughening the ferrite, whereas some of the car- 
bon is in finely divided graphite, and this is said 
to improve the frictional properties. 

While this casting cannot be annealed so it 
will cut as easily as a normalized forging, the 
added cost in the machine shop is not nearly as 
great as the saving in raw material. 

After machining, the cast crank is put 
through the bottom hearth of a continuous elec- 
tric furnace, withdrawn at 1650° F., placed on a 
ferris wheel where it is cooled in an air blast to 
1000° F., then recharged in the upper hearth of 
the same furnace from which it emerges at 
14007 F. for air cooling. It is now at Brinell 286 
to 321 and still machinable. (This may be com- 
pared with figures for the forged crank of 
medium manganese steel: 402 to 444 on the 
body, 302 on the front end, and 208 to 228 at 
coupling end.) 

Complete labor-saving equipment has been 
installed at these furnaces, so the hot crank is 
handled by pullers, pushers, or elevators operat- 
ing in synchronism, except for skidding into 
and out of the quenching machine. The result is 
that one man can handle 5000 Ib. of them per hr. 

Numbers of fatigue and torsion tests have 
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been made on complete cranks, comparing the 
cast and forged designs. Fatigue life of the 
casting in engines having the center bearing 
purposely out of line is about double the life of 
the forged crank. The modulus of elasticity is 
nearly the same, as is also the elastic limit in 
torsion 75,000 to 80,000 in-lb. is required to 
cause the first deflection from a straight line on 
the stress-strain curve. The cast crank has little 
ductility in the sense that it breaks shortly after 
the first permanent set, whereas the steel crank 
will twist a complete turn before letting go. The 
principal practical application of the last fact 
is that cast cranks and camshafts must be 
quenched without warping, else there will be 


large mortality in the straightening presses. 
Brake Drums 


Long study of the wear resistance of vart- 
ous alloys and fabrics has led to the general con- 
clusion that a laminated pearlitic structure is 
best to resist abrasion and scoring, and there- 
fore should make first class brake drums. Con- 
versely, a spheroidized structure, or one carry- 
ing free carbides, is usually not so good, Possibly 
laminated pearlite is preferable because such a 
structure resists spheroidizing quite well during 
those periods when the brakes are slammed on 
and the drum surface heats up to, say, 15007 F. 

At any rate, some makers are following 
Lincoln’s lead in making brake drums of hot 
pressed or rolled steel sheet of approximately 
eutectoid carbon (with or without alloys such as 
manganese). Buick is using a nickel-chromium 
cast iron drum, made of cylinder-block analysis, 
with cooling fins machined on the outside, Cen- 
trifuse drums, described frequently in recent 
literature, and made by centrifugal casting in- 
side a preheated steel shell, are also widely 
used. Ford's rear drum is a nickel cast iron, 
whereas the front wheel drum and hub is an 
integral casting, made of short cycle malleable. 

It is fair to say that remarkable progress 
has been made, ever since the urge for high 
speed has been universal, in the design of brak- 
ing systems and especially in the composite 
brake lining materials. Brake drum troubles 
probably are most intense in passenger bus 
service, Where long hills are commonly negoti- 


ated at such speed that the drums get red hot. 
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Successive heating and cooling cvcles of this sort 
quickly cause internal upsetting and “alligator 
cracks” at the surface a condition which can- 
not be cured until we learn how to abolish the 
coeflicient of expansion, or can make drums of 
porous metal so there will be some internal 
spaces for the expansion to expand into. Be that 
as it may, ruinous repair bills on brake systems 
have been avoided by constant research which 
has developed linings better in every respect 


than the best of ten vears ago. 
Bearings 


As a matter of fact, bearing troubles have 
been relatively small in automobile history a 
situation which may be in a state of change, duc 
to the severe service on high speed cng. nes, The 
problem has almost as many aspects as_ the 
problem of gears, and many of them are non- 
metallurgical, such as proper lubrication and 
permanent alignment. Likewise, it is recog- 
nized that there are two surfaces to be con- 
sidered, and frequently a “bearing” problem is 
solved by placing a smoother or a harder shaft 
in the same centers, 

Nitrided steels have been talked about a lot, 
and used by our own aeronautical industry and 
automotive industry in Europe to reduce fric- 
tional wear, but so far Detroit is watchfully 
wailing. Makers of heavy duty gas engines are 
realizing that the journals are not as hard as 
they should be, and are investigating differential 
hardening or case hardening of these wearing 
surfaces. In cxisting engines of all kinds there 
seems to be a general relation between the soft- 
ness of bearings and the hardness of journals. 
For instance, the hardest steels are frequently 
mated against high lead coppers, and the copper 
“bronzes” carrving lower lead are found in- 
stalled against the softer steels. (In this connec- 
lion may also be mentioned the reputed ad- 
vantage of cast cranks containing a surplus of 
carbon which can graphitize, and thus make for 
a low coetlicient of friction.) 

Engine bearings (crank and connecting 
rods) are now being stressed dangerously near 
the limit, and much study is being given to new 
materials and drastic new designs. Babbitt, of 
various analyses, has been almost universally 


used since the infaney of motor cars. Trend of 
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design is toward thinner and thinner linings of 


babbitt, cast inside bronze or steel sleeves for 
backing, all machined to close limits for inter- 
changeability. Some difference of opinion ex- 
ists as to whether a stiffer backing, as of steel, 
makes for better and longer service (other 
things being equal). 

As to the metals now used, the so-called 
“ounce metal” (85°. Cu, Sn, Zn and 5% 
Pb) is a common bronze backing, although a 
modification having 85‘. copper, tin, 9% 
lead, and 1‘. zine, or gun metal (88%. Cu, 10% 


Sn, 2‘, Zn) is frequently favored. A variety of 


babbitts are found. Harder varieties, such as 
8), tin, copper and antimony, or 
S1-8-8 were in earlier days used as fairly thick 
linings. They are now giving way to the softer 
babbitts (ike S.A.E. No. 11 88-515-61., S.A.LE. 
No. 10 91-16-4146, “genuine” babbitt 89-315-714, 
and Britannia 90-2-8) for bearings with thin 
linings, even for heavy duty. 

The new front suspensions require many 
anti-friction bearings at the linkages of the 
various parallelograms where roller bearings 
are usually installed. Designers of brake systems 
and lever trains attempt to get away from a 
multiplicity of lubricated surfaces at universal 
joints by installing needle bearings, which use 
hardened rollers, buttons, or knife edges. 

Some interesting new bearing metals are 
now being used extensively, most notably those 
formed by pressing powder mixtures into pre- 
cision dies in the manner described in Mera 
Procress, July, 1932. Bushings and anti-squeak 
spring plates of this sort made of copper, tin, 
and graphite have increased by leaps and 
bounds in the last three years. Powdered iron, 
compressed and impregnated with oil, is also 
demonstrating its ability to carry much higher 
unit loads. 

Interest in the “leaded bronze” bearings, 
adopted from railroad practice many vears ago, 
has re-awakened from the new-found ability to 
increase the lead in suspension in copper even 
up to 1‘, this material in a steel backing has 
given very promising results when working 
against journals hardened to more than Brinell 
250, or even steel shafts of normal hardness. 
Whether their improved performance will coun- 
teract their extra cost over babbitt-lined bear- 


ings is a matter vet to be decided. 
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Other new materiais which look very good 
are two cadmium-base alloys, one containing 
114‘, nickel and the other 44 zine and 5‘; 
antimony. “Hardened” lead (containing about 
2, of the alkali or alkaline earth metals) has 
also received favorable attention both here and 
in Germany. Recent studies bid fair to cure 
drossing difficulties when these alloys are re- 
melted, which have militated against their wider 


use up to now. 
Stainless Vs. Chromium Plate 


High cost of the stainless steels and im- 
provements in quality of chromium plate have 
continued to restrict the use of the former to 
such parts as cannot be made satisfactorily or 
economically in other ways. For instance, a $2 
cost per car for stainless steel bumper bolts is a 
standing challenge for a more economical ma- 
terial. Trends of stvle have also restricted bright 
work on the body; generally a few lines of mold- 
ing, trim around wind shield and split windows, 
and a radiator grille will be the limit. 

Improvement in quality of chromium plate 
has been the natural result of intensive study 
by electrochemists, both in automotive labora- 
tories and by parts manufacturers, and by the 
realization that a good job costs a little more 
than a poor one. A continued campaign of 
education has emphasized the importance of 
many essential factors, such as preliminary 
cleaning and bufling, sufficiently generous un- 
derplates of copper and nickel, and proper con- 
trol of the chromium tank (solution, temper- 
ature, current density, and arrangement of 
work). Chrysler inspection measures the thick- 
ness of the coatings on a polished cross-section, 
as well as depending on the salt spray test. 

An observer will note several somewhat 
novel applications of electroplating technique 
to other parts of 1934 automobiles. For instance, 
Buick valve lifter rollers and pins are copper 
plated to avoid scoring during the “run-in” pe- 
riod, and cast iron pistons are tin plated for the 
same reason. Aluminum pistons used by many 
engine builders are “reverse plated” — that is, 
given an oxidized surface — to improve the ad- 
hesion of oil films; exposed body parts like 
aluminum grilles are treated similarly for a 
weather-proof luster. 
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REAT IMPROVEMENT PHYSICAL 
G and chemical properties has character- 
ized the progress of the steel castings 
industry during the past decade. Extensive re- 
search has discovered a large number of new 
compositions capable of extraordinary service- 
abilitv for many exacting applications. During 
this time the activities of national organizations 
that formulate specifications (such as the Amer- 
ican Society for Testing Materials) have ap- 
peared to some persons inadequate to retlect the 
progress that has been made. In 1930. there 
were four specifications for carbon steel 
castings, known in trade parlance as “miscel- 
laneous” (A 27-24), “railroad” (A 87-27), “high 
temperature valves” (A 95-29), and “stud-link 
chain” (A 77-28 T), and there was only one 
specification for alloy steel castings “Had- 
field’s austenitic manganese steel” (A 128-30 T). 
Considering the vigorous efforts of some 
producers to exploit their special products, it is 
not surprising that a large number of private 
specifications were formulated. Although many 
such specifications are entirely satisfactory, 
some of these apparently were patterned after 
acceptable specifications for wrought material 


and show lack of knowledge regarding the dif- 
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by David Zuege 


Metallurgist 
Sivver Steel Casting Co. 
Milwaukee, Wis. 


ferences of manufacturing procedures based on 
sound metallurgical principles which differen- 
tiate the production of rolled from cast steel. 
As for the existing A.S.T.M. specifications, there 
were rather wide differences in chemical and 
physical requirements for approximately the 
same grade of carbon cast steel intended for 
different structural services. 

To correct this situation a special commit- 
tee was appointed in 1930. An account of the 
work done by it may be found in articles by R. 
A. Bull in Steel for October 2 and 9 last. This 
committee wrote specification which was 
adopted as a tentative standard last summer by 
the A.S.T.M. entitled A 154-33 T, “Carbon Steel 
Castings for Industrial, Railroad and Marine 
Uses,” and is intended eventually to supersede 
existing specifications in those three fields. — It 
includes more comprehensive chemical restric- 
tions than the older specifications, and pre- 
scribes physical properties in accordance with 
the results of improved foundry practice. 

No physical requirements are specified for 
Class A castings of plain carbon steel; its carbon 
content is specified mainly to identify the mate- 


rial as a grade of steel suitable in the “as cast” 


condition if not subjected to severe stresses. 


METAL PROGRESS 


CASTINGS 


Analysis of Carbon Steel Castings 
A.S.T.M. Specification A 154-33 T 


Carbon (Class A) 0.45% max. 
(Class B) not specified 
Manganese 0.50 to 1.00% 
Silicon 0.20 to 0.75% 
Phosphorus max. 
Sulphur 0.066 max. 


Carbon content in Class B is not prescribed. 
Castings in this class are subdivided into four 
grades, in each of which tensile requirements 
are specified. The grade most commonly used 
is designated as “Regular”; it is suitable for 
most structural purposes, much railroad work, 
and many parts for ships. The minimum re- 
quirements for yield point, elongation, and re- 
duction of area are increased by about 20°, 
above the corresponding values in A 27-24 (see 
the accompanying table). “Special Grade 2” 
and “Special Grade 3” are used mainly for large 
railroad castings; the carbon (while not speci- 
fied) is low, for good machinability and weld- 
ability. “Special Grade 4° is intended for 
miscellaneous uses where higher strength is re- 
quired than can ordinarily be had in_ the 
“Regular” grade, and where no more than a fair 
amount of ductility is required. 

Chemical specifications for manganese and 
silicon are the same in both Class A and Class 
Bb, as shown above, and are in keeping with their 
importance in the production of a sound 
foundry product. Both are very active de- 
gasifiers, and fortunately also improve the 
physical properties. 

It should be emphasized that the physical 
properties noted in the table are minimums and 
obtainable without liquid quenching or spray- 
ing. It is not intended that an upper limit 
should be placed on any tensile property, for 
high combinations may be developed by proper 


heat treatments. 
Alloy Cast Steel 


The situation with respect to physical re- 
quirements of the alloy structural cast steels has 
differed from that involving the carbon steels. 
Until 1933, as previously indicated, there was 
but one A.S.T.M. specification for an alloy cast 
steel (Hadfield’s manganese steel), although in 
1932 special metals constituted 19) of the total 


steel castings output. Naturally the commercial 
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conditions resulted in a considerable number of 
private specifications. Many of these purchase 
requirements for physical tests reflect the 
buver’s accurate knowledge of the metallurgical 
characteristics of the material involved, but this 
is not always true. Typical of the class to which 
objection can consistently be made, some 
private specifications restrict the vield point and 
tensile strength to maximum as well as mini- 
mum limits, thereby causing an unjustifiable 
increase in cost. Higher values for yield point 
and tensile strength than those specified are 
advantageous rather than detrimental, provid- 
ing the elongation and reduction of area are not 
decreased. 

In June of this vear, the new specification 
A 118-33 T, “Alloy Steel Castings for Structural 
Purposes” was adopted as a tentative standard, 
as already mentioned. Naturally it includes a 
number of classes and grades — a lesser number 
would not meet commercial conditions, since 
approximately 70 distinct alloy cast steel com- 


positions are being produced today, and the 


Minimum Tensile Properties for Stee/ Castings 


| Reduc- 
gation\ tion 
in 2In.\ of Aree 


Tensile | Yield 
Strength| Point 


Carbon Steels (A154- 537) 
Class A No tensile requirements 
Cless 8; Regular grace| 70,000 | 38,000 | 24 | 6 
Special grade No.?\60,000|50,000| 22 | 
Special grade No.3\60,000|30,000| 26 | 38 
Specia/ grade No.4\80,000\43,000\' 17 2&5 
Alloy Steels (A 148-53 7/ 
Cless A; Grede No.7 | 75,000\40,000| 24 35 
Grede No.2 |\85,000\53,000\ 22 35 
Class 8;Grede No.1 85,000\55,000| 22 O 
Grace No.2 | 90,000\60,000\ 22 45 
Grede No.3 \100,000\65,000\ 78 50 
Class C. Grade No.1 |\90,000\65,000| 20 | 50 
Grade No.? \120,000\100,000\ 14 35 


Grece No.5 150,000 \125, 000 10 25 


physical properties of most of them may be 
modified through a wide range by heat treat- 
ment. For the same reason no chemical re- 
strictions were included except a 0.05°. limit for 
phosphorus and a 0.06, limit for sulphur. 
Minimum tensile properties required are 
shown in the lower part of the table just above. 
Explanatory notes describing the three general 
classes may be paraphrased from the specifi- 


cation as follows: 
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Values specified for Class A may be met 
and exceeded by castings of such size or shape 
as to be unsuitable for anything more drastic 
than full annealing (that is, furnace cooling). 

Class B 


minimum vaiues for nor- 


represents 


malized castings (air cool- 
ing from above the critical 
temperature). Such air 
cooling is a safe procedure 
for the great majority of 
alloy steel castings intended 
for structural purposes, and 
usually develops the high- 
est tensile strength and 
vield point values that can 
be obtained from the mate- 
rial by any method of heat 
treatment, except liquid 
quenching. 

Class € is intended to 
include castings suitable in 
composition, design, and 
dimensions for rapid cool- 
ing, as by liquid quenching 
followed by drawing 
operation above 400° F, 

Class B includes the greater portion of the 
alloy cast steels regularly made in the jobbing 
electric steel foundry. Grade 1 of Class B is 
intended primarily to cover steels of the so- 
called intermediate manganese type, having a 
manganese content that may range from 1.15 to 
1.60',. 


with higher strength and ductility. 


Grade 2 of Class B covers cast steels 
Several of 
them are of the intermediate manganese type, 
but contain a supplementary alloying element, 
such as nickel, vanadium, or molybdenum. 
Grade 3 includes compositions having relatively 
high strength and stiffness, such as the chrome- 
nickel, chrome-molvbdenum, or chrome-vana- 
dium steels. 

Although quenched castings constitute only 
a small part of the total output, certain ad- 
vantages are to be obtained by liquid quenching 
and tempering castings of suitable design and 
composition, and the amount of such heat 
treated castings is rapidly increasing. Hence 
the desirability of Class C in the specification. 

As is true of the carbon steel castings, it 


should be remembered that the values given in 
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im provements 
in the properties of steel 
castings, both plain car- 
bon and alloy steel, ade- 
quately heat treated, have 
been incorporated in the 
recently adopted A.S. 7. 
Vl. specifications. Mr. 
Zuege, who has been with 
Sivyer ever since gradu- 
ation, indicates those 
points where leading 
foundrymen are able to 
guarantee additional 
physical requirements as 
demanded by unusual 
applications. 


this new specification for alloy steels are mini- 
mum or rejection limits, and are not represent- 
ative of the average physical properties being 
obtained in progressive foundries. an 
example of what is being 
regularly produced in one 
foundry, a_ series of 12 
heats made to requirements 
for Class B, Grade 2 may be 
described. A wide variety 
of castings for severe duty 
was made on these heats, 
including 450-lb. single 
throw crankshafts. 

Test coupons were at- 
tached to each; the nominal 
chemical analysis was 0.28 
to 


manganese, and 


carbon, 1.20 to 


010°. vanadium, and test 
pieces representing normal- 
ized and drawn castings 
produced the results in the 
table given at the top of the 
next column. It is clear that 
a superior product has re- 
sulted. 

As a further indication of representative 
physical properties, the curves opposite show 
values obtained upon heat treating a_ typical 
heat of the same material. The steel in question 
analyzed carbon, 144°. manganese, 013°, 
silicon, and 0.13¢¢ vanadium. Bars in. 
were cast, and heat treated as follows: Normal- 
ized at 1650° F., water quenched from 1525° F., 
and drawn by 100° steps from 600 to 1300° F. 
Standard 1!.-in. test bars were then machined 
out and pulled. 

Requirements for all three grades of Class 
( castings are plotted by horizontal lines on the 
same diagram, and it is obvious that a low draw 
will easily exceed the specified minimums for 
Grade 3, intermediate draws will qualify as 
Grade 2, and high draws will give the high 
ductility required for Grade 1. 

In choosing a specification the consumer 
must give due consideration to the fact that 
some castings, because of size and design, can- 
not be subjected to rapid cooling, and that 
therefore the requirements under Class C can- 


not be secured. In such instances cooperation 
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Specifi- 
Mex/- Mini- Aver- | cation 
mum | mum ege_ | equire- 
ments 


lensile strength\11 0,100) 90,300 | 97,920 | 90,000 
Yield point 77,750 | 62,800 | 67,750 | 60,000 
Flongation in Zin. 22.5 25.7 2? 
Reduction of eres 46.9 54.4 45 


Y 
Q Q 
Q 


between producer and consumer will usually 
result in’ the proper selection of required 


mechanical and chemical properties. 
Hardness and Impact Tests 


Tension tests are still the only qualification 
tesis required by the above-described A.S.TLM. 
specifications, with the exception that specimens 
representing marine carbon steel castings 
(regular grade, Class B) must bend around a 
l-in. pin without cracking. 

Hardness tests, not called for in the A.S.TLM. 
specifications for steel castings, are now com- 
monly required, and probably will increase in 
popularity as the percentage of liquid quenched 
castings increases. All three of the commonly 
used hardness testing methods (Brinell, Shore 
scleroscope, and Rockwell) are being used for 
hardened steel castings, each having certain 
advantages. The Brinell test with its relatively 
large indentation has usually been found most 
satisfactory for cast steel surfaces, even 
after suitable grinding. 

Unlike tension test requirements, for 
which minimum values only are prescribed, 
hardness specifications usually set) (very 
properly) maximum and minimum values. 

In selecting the range, consideration must 
be given to the fact that it is much less difli- 
cult to maintain a Brinell range of 179 to 
207 than to maintain one of 415 to 444, al- 
though the “spread” is approximately 28 
points in each case. High hardness is 
secured after tempering in a relatively low 
range, Where a small variation in temper- 
ature affects the hardness more pro- 
nouncedly than the same variation at 
higher draw temperatures. Again, 0.1 mm. 
difference in the diameter of the indenta- 
lion means a change in hardness value of 
about 8 units when the hardness is about 
200, but the same difference means 2% 
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Per Cent 


points at hardness values about 100, For these 
reasons at the higher hardness values a range 
of not less than 50 points in Brinell hardness 
should be allowed, while at the lower hardness 
values a 20-point range is usually satisfactory. 

Another factor, not always given proper 
consideration, involves a casting having a wide 
variation in the thickness of its section. It is 
practically impossible to obtain a uniform hard- 
ness value throughout, because of the difference 
in cooling rates of the various sections. This is 
true particularly at the higher hardness values. 

Although other tests such as those for im- 
pact, creep, fatigue, and wear are made in in- 
creasingly greater numbers upon alloy cast 
steels, such values usually are not included in 
specifications. The most important of these is 
the impact test, since it evaluates ability to with- 
stand the suddenly applied loads often en- 
countered service. A high impact value 
generally is accompanied by excellent ductility 
values as determined by the tensile test, but 
high ductility results do not always indicate 
good impact resistance. The data in the table 
on the next page, obtained in testing a simple 
alloy cast steel, heat treated according to differ- 
ent procedures, illustrate this point. 

lt is unfortunate that the impact test has 
not been standardized. Two types of machine, 


the Charpy and the Izod, are in general use, 
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Properties of Heat of Steel with 0.37% Carbon, 141% Man- 
ganese, 0.43% Silicon and 0.13% Vanadium Can Be 4 aried 
Widely by Normalizing. Quenching and Appropriate Drau 
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each having at least two varieties of test speci- 
men. Ditferences also occur in the type and 
dimensions of the notch used in the various 
specimens. Therefore, in interpreting impact 
data it is most essential that consideration be 
given to the method of making the test. 

Many attempts have been made to establish 
a definite relationship between Izod and Charpy 


values. Although a direct ratio may be found 


No. 7 No. 2 No. 5 
Tensile strength 84,450 |82,050 | 82,000 
Yield pomel 49,050 |46,000\ 48,150 
ffongstion in Zin. 29.0 30.0 50.5 
Reduction of sree 67.0 62.0 62.3 
Cherpy impect, ft-lb. 9.0 17.0 22.5 


in certain grades of steel, it does not hold in 
others. At the lower values (about 3 ft-lb.) the 
resulls are similar, but as the toughness in- 
creases, the “spread” between them becomes 
greater. With one grade of simple alloy steel, 
29 ft-lb. Izod is roughly equivalent to 15 to 20 
ft-lb. Charpy; 50 ft-lb. Izod approximates 25 to 
30 ft-lb. Charpy for the same steel, heat treated 
differently. 

Notwithstanding this lack of standardiza- 
tion, the information obtained through impact 
tests is of sufficient value to justify requiring 
minimum values in certain specifications to sup- 


plement the tensile values, where consumer and 


producer agree on the method of testing. 
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Valuable Supplemental Factors 


Purchase requirements adopted by the Test- 
ing Society should be used whenever possible, 
since they have been formulated only after the 
accuinulation of considerable data and lengthy 
deliberation by consumers and producers re- 
garding all factors involved. However, supple- 
mentary requirements are in many instances 
justified, and in such cases should be developed 
cooperatively by consumer and producer in the 
interest of economy. Information on both sides 
of each question should be sought. 

A final point is worthy of consideration. 
The purpose of the modern specification is to 
obtain uniformity of good properties in a care- 
fully selected grade of metal going into the 
casting. The physical properties are usually de- 
termined from test pieces cast either attached 
to the casting or as separate blocks made in 
the same heat. Other factors than the mechani- 
cal properties of the metal (many of which 
cannot be written into specifications, such as 
design, heading and gating methods, and heat 
treating procedure) vitally affect the service- 
ability of the casting. As the tonnage of special 
or alloy steels increases proportionately in any 
plant, knowledge is acquired through experi- 
ence by which foundry technique is improved, 
resulting in a product of good metallurgical 
qualities, true to pattern, and free from objec- 
tionable casting defects. Improvements in mold- 
ing, core making, and 
other shop practices have 
kept pace with those ef- 
fected in the properties 
of the metal used. It 
is confidently predicted 
that the future will see an 
even greater achievement 
in all significant factors, 
some of which can never 
be specified in a written 


document. 


These Castings Are Differen- 
tially Hardened to Meet Rig- 
id Specifications. Lugs for 
test bars are attached to cast- 
ings, and are cut off and 
tested after the required heat 
treatment is entirely finished 
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if quenched in 


critical range 


ETALLURGICAL LITERATURE 
Mi abounds in discussions of various types 
of brittleness and brittle ranges in steel, 
and the conditions which cause or favor brittle- 
ness. Nevertheless, there is one brittle range in 
quenched steels which has not received ade- 
quate attention. We have not vet been able 
to investigate this as minutely as we would like 
to, or as its importance warrants. Nevertheless, 
we feel that sufficient evidence exists to prove 
that it does exist and to indicate where it may 
affect the properties of steel in various com- 
mon commercial operations. It appears to have 
been hitherto unrecognized, although subse- 
quent to our investigation, H. H. Bleakney de- 
scribed in Transactions, A.S.S.T. last October, 
something that may be another phase of the 
same phenomenon. 
During the War, we had occasion to salvage 
a lot of case hardened 314‘¢ nickel steel parts, 
Which had accidentally been made of steel con- 
taining 0.35°, carbon and which, as a result, 
failed to develop the desired toughness of core. 
In the investigation, the critical points were de- 
termined by heating small sections of the steel 
in contact with a thermocouple in a small 
quartz-tube electric furnace. Subsequently, 


short sections were heated and quenched in 
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oil at intervals of 10° F. from temperatures in 
the neighborhood of the critical range, using 
the same furnace and thermocouple. The 
quenched specimens were then subjected to a 
simple bend test by clamping in a vise and 
hammering. 

Specimens quenched from temperatures be- 
low Ac, (1290 to 13007 F.) proved extremely 
tough, and could be hammered through 90 
and then closed up flat in the vise. At Ac, and 
very slightly above it, the quenched specimens 
showed pipe-stem brittleness, breaking off with 
a single blow of the hammer, vet: specimens 
quenched from still higher temperatures were 
tougher, and would take an appreciable bend 
before breaking. As the quenching tempera 
ture was raised further conditions reversed, as 
the material became increasingly brittle (which 
might normally be expected for material of this 
composition in the quenched condition). 

All of these specimens were small, about 
1, in, diameter by 1 in. long, were heated in 
close contact with the thermocouple, and were 
all quenched on a rising heat that is, without 
soaking at the quenching temperature. Some 
of the tests were repeated, utilizing a= short 
soaking period of about 5 min, at heat. It was 


observed that specimens so soaked and 
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quenched had the same bending ability as those 
Which were quenched from slightly higher tem- 
peratures on a rising heat; furthermore, the 
britthe range in pieces soaked and quenched 
immediately above Ac, was 
not so noticeable. 

From time to time in 
the intervening years, cases 
of brittleness and unex- 
pected variations prop- 
erties of steels when 
quenched (or even an- 


nealed) close to the critical 


Vr. Curran 


range reminded us of the 
curious behavior of — the 
nickel steel just described. 
As a resull, it was decided 
lo repeat the war-time tests 
on a variety of steels, and 
sumples of six types were 
obtained the form. of 
cold) drawn rounds and 
he\avons, varving  some- 


where from to in. in diameter, as follows: 


Chrome-nickel; 3135 

Nickel; S.A.E. 2330 

Chrome vanadium; S.ALE. 6150 

Chrome-molybdenum; S.A... 4140 

Manganese free-cutting; Mn 1.00 
P 0.06°°, S 

Carbon; 10385 


Bars were cul into sections, 3 to fin. long, 
heated for quenching in a small electric muffle 
furnace, automatically controlled, and quenched 
in oil from various temperatures in steps of 
20°F. from: to 14200 


six specimens, one of each type of steel, were 


For each test, 


placed on a tray in the furnace with the thermo- 
couple close to the work. The controller was 
set al approximately 60° F. below the tempera- 
ture from which they were to be quenched, and 
when specimens had reached this temperature 
thev were allowed to soak for a tew minutes to 
equalize the entire piece. 

Phe controller was then reset at the de- 
sired quenching temperature. When this was 
reached that is, when the controller first 
cul off the current the tray was quickly 
Withdrawn and the contents quenched in. oil. 
Che time of heating from the preheating temper- 


ature to the quenching temperature averaged 
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steels, if quench- 
ed from just above Ac,, 
lack both theductility and 
hardness they possess 
after higher quench. 


been a member of the So- The 
ctety since 1920) thinks 
this may be a_ property 
of all steels, and cites 


some operating troubles 


which may be due to it. 


about 8 min. for the various experimental heats, 

After cleaning, the quenched specimens 
were tested by hammering in a vise, bending 
them until they broke or until they flattened 
Rockwell 


hardness tests were = also 


on themselves. 


made on the C-scale (“mi- 
nus” values being recorded 
and plotted to avoid chang- 
ing the scale); the angle of 
bend and hardness are 
shown in the curves here- 
with, plotted against the 
(who has 

quenching — temperatures. 
appearance of the 
specimens is also shown in 
the photograph on page 30. 

Examination of — the 
curves will show that 
whereas the hardness of 
the various steels increases 
with more or less regular- 
itv with hardening temper- 
ature after Ac, has been passed, the ductility 
as measured by the bend test does not vary in 
a regular manner. In all except the straight 
carbon steel, a decided loss of ductility occurs 
as soon as the Ac, has been passed, dropping 
to a minimum in each case, then increasing, 
and then falling away again as the quenching 
temperature is increased. In the case of the 
nickel steel S.A.B. 2330 and the high man- 
ganese free-cutting steel, this temporary recoy 
ery of high ductility is most marked, but all 
of the steels tested show signs of the same 
tendency. 

Microscopic examination of the nickel and 
manganese steel specimens shows no unusual 
structural characteristics. In each instance the 
inception of brittleness in the specimens co- 
incides with the first appearance of martensite. 
With increasing temperature, the martensite 
grains become progressively larger and lower 
in carbon content, by absorbing ferrite from 
the matrix. Finally, at Ac., a homogeneous 
solid solution free from ferrite results, and 
at the same time the steel recovers a high de- 
gree of toughness. At higher quenching tem- 
peratures, the grain size of the solid solution 
increases, and the brittleness once more makes 


its appearance, 


METAL PROGRESS 


' 


: 
t 


While our tests indicate that the nickel and 
manganese steels are most seriously embrittled by 
quenching from just above Ac, (and show the best 
subsequent recovery), we are not prepared to say 
that the other steels tested will not exhibit this phe- 
nomenon more markedly than our rather limited 
tests to date might suggest. Rather, we believe that 
a more exhaustive examination with more delicate 
tests will show that all steels exhibit — to a greater 
or less extent — the same brittleness when quenched 
just above Ac, and subsequent relatively high 
recovery of toughness when the quenching temper- 
ature is suitably raised. Further, it is entirely pos- 
sible that this phenomenon is not a function of 
chemical composition alone, but that some heats of 
a given analysis may exhibit it to a greater extent 
than others. Such differences from heat to heat 
are not unusual, as evidenced by variations in sus- 
ceptibility to temper brittleness, and variations in 
“timbre.” abnormality, inherent grain size, and 
grain growth at carburizing temperatures. 


The torsion-impact test recently developed by 


Samples of Stock Bars Were Quenched in Oil From 
Slowly Rising Heat. Ductility (bend test) and Rock- 
well hardness measurements indicate an anomalous 
behaviour just above the lower critical. consisting 
of a minimum ability to withstand a bending test 


Luerssen and Greene and described before the De- 
troit convention should prove valuable for measur- 
ing variations of brittleness — or toughness — with 
quenching temperature, and throw more light on 
the actual susceptibility of various compositions 
and different heats of the same composition. 

To date, our tests indicate that critical range 
brittleness does not persist to a noticeable extent in 
quenched steels after relatively high draws, as for 
instance, 60 min. at 10007 F, 


is probably limited to the quenched or rapidly 


Hence its importance 


cooled conditions. 

This entire matter is of more than academic 
interest. In the past, the tendency has been to 
specify low quenching temperatures, and to quench 
on a rising heat (or at least with a minimum of 


grain growth, brittleness, and 


soaking) to minimize 
other hardening difliculties. Our tests indicate that 
such procedure is not always desirable; in fact, it 
nav be dangerous. 

The work of Publow and Fitz-Randolph on the 


microstructure of hardened carbon steel (Michigan 
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Engineering Experiment Station Bulletin 45) 
demonstrates clearly that the critical point of a 
slightly hypereutectoid steel is in reality a defi- 
nitely measurable temperature range, and that 
a considerable change in microstructure and 
properties is discernible in specimens quenched 
throughout this range. Hence, we are inclined 
to believe that the brittle range which we have 
demonstrated in medium carbon alloy steels 
may also be present and demonstrable in high 
carbon steels. 

Such steels often show brittleness which is 
not vet entirely explained. For instance, we are 
all familiar with the checking or shelling off 
of edges and corners of tools, usually when 
quenched from a low temperature or on a rising 
heat. Also, a sharp quenching line usually re- 
sults in abnormal brittleness in a tool which is 
hardened locally. In each of these instances, a 
temperature gradient exists prior to quenching, 
and some portion or zone will be quenched from 
just above Ac that is to say, in the range 
where brittheness may be produced. 

In carburized parts, where the final quench 
is kept low to harden the case and toughen the 


core, there is danger that increased brittleness 


{ppearance of Quenched Samples After Testing 


Quenching lemp,F.: 1280 1300 1320 1340 13560 


1380 1400 1420 1440 1460 1480 


of the core may result. Knowledge of the loca- 


tion of the brittle range and the recovery range 
for both the high carbon case and the low car- 
bon core will permit one to select a quenching 
temperature that will insure the best combina- 
tion of surface hardness and core toughness. It 
is possible also that the brittleness here de- 
scribed is a factor in exfoliation — cracking or 
shelling of the case in or after hardening. 

A steep temperature gradient also always 
exists between the actual weld and the part 
being welded. Where the part is of large mass 
and not preheated, the heated portion cools very 
rapidly — equivalent to a quench. It is reason- 
able to suppose that that zone which was heated 
only just above Ac, point will be embrittled by 
this rapid cooling. This would explain, in part 
at least, why unannealed welds usually fail in 
the adjoining metal and not in the weld itself. 

It is believed that a thorough investigation 
of the brittle range described would result in 
valuable additions to our knowledge of the 
metallurgy of steel, and the proper heat treat- 
ment and application of the varied compositions 
now in use. Additional information on it would 


be very welcome. 
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on items of 


interest today 


Lconomics in Technical Courses 


EGaNICAL education is a matter close to 

the heart of the American Society for Metals, 
for the Society is essentially an institution for 
“adult education” (as the pedagogues would call 
it) the spreading of information before men who 
can absorb and use it. Hence an interest in the 
perennial projects to improve the course of 
studies in engineering colleges by adding this, 
that, or the other subject. 

A recent one was the plausible proposal to 
teach economics to engineers. It was argued that 


few engineers occupy the highest positions, di- 


recting large corporations, not because their 


technical ability is lacking, but because they are 
unable to grasp the intricate relationships of 
employment, management, buying, and selling. 
So, teach them economics! 

To the editor, the reason why engineers are 
engineers rather than business men is far more 
fundamental than a single college course — it 
results from a queer quirk in their mentality. 
If they were interested in management or poli- 
tics, they would not study the technical sciences; 
they would frankly leave that to others and be- 
come business men or politicians in the first 
place, and if they tried engineering, they would 
most likely fail. And, by the same token, en- 
gineers are engineers because they would rather 
deal with the somewhat predictable action of 
inanimate things than to gamble on the psychol- 


ogy of the human race. 
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Have Engineers Any Place 
im the New Deal? 


the New Deal means as many 
things as there are persons, and to some in 
the mechanical industries it has created a won- 
der as to whether there will be any place for 
them in the economy of tomorrow. It is ob- 
vious that we have improved our processes and 
expanded our capacity to where existing plants 
can produce far more than our own people have 
been able to consume (buy). Does the adjust- 
ment between supply and demand require a 
long period when technical improvements will 
be avoided, labor-saving devices prohibited, and 
new equipment unsalable? Can an outlet for 
“capital goods” be found here or abroad? 

The President’s message on the opening of 
Congress, which emphasized his view that re- 
form of the abuses which have brought us to 
this pass is even more necessary than temporary 
means for recovery, contains these words as to 
his continuing program: 

“The program is an integrated pro- 
gram, national in scope. It is designed to save 
from destruction and to keep for the future the 
genuinely important values created by modern 
society. .... We would save useful mechanical 
invention, machine production, industrial efli- 
ciency, modern means of communication, broad 
education. .... But the unnecessary expansion 
of industrial plants, the waste of natural re- 


sources .... we must make sure that as we 
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reconstruct our life there be no soil in which Ac, Figured From Analysis 
such weeds can grow again.” _ 
FORMULA for figuring the upper critical 


Here is a reassuring statement of a political 5 * 
creed which squares itself with sober philoso- temperature (Ac,) of S.A.E. steels was 
phy, economics, and history. It says in effect divulged to a joint meeting of the Society of 
give us the labor-saving devices and reduce the Automotive Engineers and the American Soci- ie 
ety for Steel Treating (or should we say Ameri- 


can Society for Metals?) by Robert R. Abbott of 
White Motor Co. It is the result of work done 


prior to the War on about 100 bars of fine steels 


average working day correspondingly; give us 
the improved tools and equipment, the new in- 
ventions, the scientific discoveries, the industrial 


efliciency, and spread the resulting advantages 

‘ broadcast so that all our citizens can enjoy a gathered from manufacturers here and abroad 
fuller and a better life. Each of these steels was annealed, analyzed and 
its critical point determined by quenching from 


a lead bath by 1) C. steps and finding the tem- 
Induction Furnaces ; | I ling the t 


Vs. Open Hearth 


perature where the last traces of ferrite were 
absorbed. 

HAT the biggest is not always best By a series of approximations and corrected 
despite the current estimate of American formulas figured laboriously by the method of 
publicity agents — is once more proven by the least squares, the following formula results: 
rapid adoption of high frequency induction fur- Take Ac, for pure iron as 908° C, 


naces. Here is a flexible, speedy, and efficient Add 0A385° C. for each 0.001% phosphorus 
unit that has given first aid to many a manu- 0.3019 C. for each 0.01% silicon 
facturer of alloy” steel ingots and castings. 0.3792 C. for each 0.01% vanadium 
Despite the fact that its first cost (together Deduct 2.237 C. for each 0.01% carbon 
with electrical auxiliaries) is) perhaps four C. for each 0.01%) manganese 
times as much as are furnaces of equivalent 0.23° C. for each 0.01% nickel 

; capacity per day, the collateral advantages en- Besides the above deduction for nickel. a 
able the small high frequency furnace to oper- plus correction must also be added equal to 
ate while the larger are furnace is cold. 2(C of + 0.06 Ni) if this figures to a positive 

The advantages in dollars and cents would quantity. (C and Ni are carbon and nickel con- 


be more real if a melting department using 


high furnaces exclusively were Upper Critical Temperatures (lron-Carbon System) 


to be installed from the ground up. As cording to Ditterent Authorities 
compared with an open-hearth furnace Acs (Buroess, 1916) 99.97% Iron 
plant, the buildings would be much smaller 900 | | 
and lighter, the cranes of only fraction 


of the power and cost, the ingot mold ca- 


pacity much reduced, and the soaking pits 


more economical, D. F. Campbell has fig- 650 
ured that the capital invested in a_ steel : 
works making 1000 tons a day would actu- S 
ally be less for induction furnace melting © 
than for open hearths. While his figures 600 
may perhaps be shaded by enthusiasm, 
there is undoubtedly some such figure which S 


separates the economic field of the old and | 
the new processes, even when working on PS ESS 


common carbon or low alloy steels. Fur- FEFC.' 

thermore, this dividing figure will be the 

larger as the more stress is laid on uniform- 700 


itv of analysis and quality of product. 
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Carbon 


tents expressed in units of 0.01.) 
Sulphur and chromium had no 


effect on Ac. of the steels ex- 


j 


19 & Halliwell, 1924 


Determinetions on Very Pure lron-Silicon Alloys 


Contents of the Alloys Inestigeted 


As anyone who will take the Ss Ss 

trouble to check this against ac- } 

curate figures for Ac, on S.A.EF. 050 | 

steels will find, it will give reli- Ly io 

able results. Computations based | | es 


on mill analysis will locate Ac 
close enough for any shop opera- 


tion that requires to know the 950 


value of this temperature. 
It will be noticed that the 
wy 


above corrections assume a linear 


relationship for the various ele- 


ments, and it was interesting to 
plot the line for carbon and com- 
pare it with the lines on some 
widely accepted iron-carbon equilibrium dia- 
grams. As shown at left, below, Mr. Abbott's 
line for carbon seems to be high. However, if 
commercial carbon sleels are figured by his 
formula, their actual Ac, points usually fall 
within the stippled area of the sketch, because 
they ordinarily have more than enough manga- 
nese to counteract the elevating effect of phos- 
phorus and silicon. It would appear, therefore, 
that the classical equilibrium diagram really 
shows the transformation of commercial sleels, 
and the true iron-carbon diagram should have a 
flatter line for Ac 
In fact, workers on any of the binary iron alloys 


about as figured by Abbott. 


will welcome this formula as evidence as to the 
slope of the Ac, line at low concentrations. 
Most theorists would criticize his assump- 
tion that such line straight. More 
than likely it would be curved. Thus, the ac- 
curate determinations by Pilling and Halliwell 
on pure iron-silicon alloys plotted above indi- 
cate a sharp up-turn (as is required by the well- 
known gamma loop). The straight line assump- 
tion for any element is only justified for fairly 
narrow ranges of composition, and for this 
range the true curve may be approximated by its 
tangent. In the case of silicon, nearly all S.A.E. 
steels have fractional percentages; consequently, 
the error in figuring by Mr. Abbott's straight- 
line formula rather than the more nearly cor- 
rect curve for silicon is slight. It is only a 
happen-so that the entire formula for Ac, works 
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out for the silico-manganese spring steels, and 
this is due to the fact that an error in figuring 
high silicon is canceled by an opposite error 
in figuring high manganese. 

Likewise, the mathematical conclusion 
reached by Mr. Abbott that chromium has no 
effect on the Ac, point must be qualified in view 
of the known effect of chromium in making a 
gamma loop and producing stainless chromium- 
iron alloys with no transformations of any sort. 
However, it should be remembered that Mr. 
Abbott's formula applies only to steels contain- 
ing perhaps 2°. chromium as a maximum. Fur- 
thermore, Dr. Krivobok’s latest iron-chromium 
equilibrium diagram shows the gamma loop to 
be formed principally by the depression of the 
Ac, point rather than an elevation of the Ac 
point; consequently a horizontal course of the 
Ac. line for low chromium is probably correct. 

Mr. Abbott's specimens were collected be- 
fore molybdenum appeared as an important al- 
loving element, consequently a problem awaits 
some metallurgical student to determine accu- 
rately the effect of fractional percentages of it on 
the common steels. A number of heating curves 
of analyzed molybdenum steels were found in 
the available literature and those upon which 
Ac, could be spotted with any assurance were 
corrected for the other elements according to 
the above factors. As a first approximation it 
would appear to the editor that 0.01%) molvb 


denum lowers Ac. by about 0.6 C, 
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SSIGN AESTHE 


of assemblies 


using welding 


wre IS INCIDENTAL TO THE 
design of structures. It is merely a use- 

ful method of assembling pieces. of 
metal to form a structure of predetermined size, 
shape, and service life. On the other hand, it 
permits us to design and construct metal as- 
semblies which most nearly satisfy our eco- 
nomic necessities and artistic sense of the fitness 
of things. Designers can yield nothing from this 
creed which demands that they satisfy economic 
necessities and also an artistic sense of the fit- 
ness of things. 

If we think of a pipe line to convey oil from 
Texas to Chicago, the ideal solution is at once 
a continuous tube, smooth on the inside. That 
ideal conception existed long before we could 
weld a steel pipe line between Texas and Chi- 
cago; the welding process merely made it pos- 
sible to realize an ideal. But the use of that 
particular process did not occur until the de- 
sired pipe line could be made welded for less 
cost than by any other method. 

Another instance will suffice to illustrate the 
point. It has been known for many vears that 
the ideal container for large volumes of gas 
under pressure is a hollow sphere. The illus- 
tration opposite shows such a container. Any 


other way of constructing a pressure gas holder 
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By Robert E. Kinkead 
Consulting Engineer, Welding 
Cleveland 


will cost more. Any other shape of holder for 
the purpose will be less satisfying to our artistic 
sense. 

In building construction involving the use 
of structural steel, the continuous beanr has the 
advantage of carrying the most load per pound 
of material within the limits of permissible def- 
ormation. That was a conception which ante- 
dated welded construction by many years. Use 
of welding as a constructional method has made 
it possible. In this instance, the economic neces- 
sities have obviously been met. It may be con- 
tended that this case has little relationship to 
artistic conceptions, but if a digression were 
permitted from the practical details of design 
into the realm of philosophy of design, the con- 
tinuous beam in buildings, bridges, and other 
structures may be shown to be necessary from 
the artistic point of view. 

There is a symmetry, a harmony and a 
rhythm to creative design. The supposed line 
of demarcation between pure art and pure sci- 
ence disappeared some years ago. There never 
was such a line of demarcation — it existed only 
in our imaginations. The design of a machine, 
a building, a ship — in fact any structure com- 
posed of metal parts — is a creative art. Those 
who have been out of college 20 vears will recall 
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that we were taught that such design consisted 
entirely of an application of known formulas, 
most of which were printed in the handbook. 
How eternally wrong that conception was is 
adequately demonstrated by the crudeness and 
inadequacy of many structures designed and 
built 20 to 30 vears ago. 

Design as a creative art cannot be practiced 
by inhibited or inharmonious minds. We can- 
not compromise with our artistic sense of the 
fitness of things and still have the spirit to do 
creative work. If we lose that sense, we go 
back to the days of engineering handbook de- 
sign in which our final product becomes a 
hodge-podge proclaiming to the world the de- 
cree of our intellectual dishonesty and moral 
cowardice. 

The philosophy of creative design of metal 
structures is now receiving long-delayed recog- 
nition. Many welded structures in common use 
illustrate the absolute honesty of purpose of the 
designers. Structures like the new high speed, 
light weight passenger trains which are welded 
of metals represent creative art. Stream-lined 
automobile bodies, aircraft, and motor boats are 
rapidly being redesigned to meet the new con- 
cepts of construction. 

No better illustration 
may be found than the 
new 10,000-ton cruisers 
now on the ways. These 
war ships are 40 to 60° 
welded, and later ones 
will be 100°, welded as 
soon as the shipyards de- 
velop the necessary tech- 
nique. But in the cen- 
ception of the designers, 
they are 100° welded 
now. They were con- 
fronted with the problem 
of getting the most ad- 
vantageous combination 
of speed and gun power 


on these vessels whose 


“Hortons phere.” 38 Ft. 
Diameter for Holding Fluids 
at 50 Lb. Pressure. Butt- 
welded construction by Chi- 
cago Bridge & Iron Works 
for Empire Refining Co. 
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displacement was limited by existing treaties. 
That singleness of purpose was maintained with 
absolute integrity within the limits of the ability 
of the existing vards to build to the designs, and 
that singleness of purpose has resulted in ships 
with beauty of line and correctness of detail 
which is completely satisfying to one’s artistic 
or wsthetic sense. 

It will be recalled that a digression into the 
philosophy of creative design would show that 
the use of a welded continuous beam might be 
required to meet our artistic sense. If the welded 
continuous beam meets the economic necessi- 
ties, it is fully justified by our artistic sense 
for the reason that continuity is the outstand- 
ing characteristic we strive for in any metal 
structure. The ideal steel structure for any 
building is a continuous metal frame in which 
all of the metal is of such a character as to 
meet completely the necessities at each partic- 
ular point in the structure. Therefore, the idea 
of continuity is basic and fundamental, and to 
disregard it is to introduce disharmony into the 
concept of the design. 

This leads immediately into a considera- 


tion of the vardstick by which we can measure 
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Welded Frame. by General Electric 
Co.. Combines Utility and Good Looks 


the intangible which I have been referring to, 
namely, our artistic sense of the fitness of things. 
(As engineers, we can tell immediately whether 
or not a metal structure satisfies what we fre- 
quently call our mechanical sense.) It is not 
sufficient to say that it is an indefinable sixth or 
seventh sense and that we just “know” whether 
the structure is satisfying or not. As engineers, 
we get paid for designing structures which will 
produce that satisfying effect on other people, 
and that result must be predictable. 

We know what the above-mentioned yard- 
stick is: It is the mathematical correctness in 
the dimensions of length, breadth, thickness, 
and time. And we must face the implications 
of using this method of measurement. We must 
hot paint a piece of welded steel machinery red 
We must 


not add to or subtract from a welded steel struc- 


merely because we like red paint. 
ture “for the sake of appearance.” That way 
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of doing it does not lead to a predictable 
result. The term, good appearance, is too 
relative and involves uncertainties to such 
a degree as to make it likely that what the 
designer recognizes as good appearance 
will not be so recognized by others. How- 
ever, if the structure is of mathematically 
correct design, it will have a good appear- 
ance to the largest number of people, since 
beauty of line and form come from mathe- 
matical correctness, 

Nature has known these things for a 
long time man is just learning them. 
Thus, if you wish to design a long, slender 
flag pole, study a bamboo pole; nature ar- 
rived at the correct solution of that prob- 
lem through millions of years of trial and 
error! There is more to be learned of 
structural design in the bones of animals, 
birds, and fish than in all the books that 
have ever been written on the subject. Na- 
ture is the source of all information about 
design. Nature is continually experiment- 
ing with new designs and solving problems 
by trial and error. 

If we are to hew to the line in the mat- 
ter of correctness of design as a method 
of producing structures of satisfying ap- 
pearance, we will perhaps arouse some mis- 
givings in the minds of voung designers 
about surface finish, but there is no basis 
for such doubts so long as we are learning our 
tricks of design from Nature. The most gor- 
geous flower that ever bloomed is merely an art- 
ful lure to bees. Nature knows about compe- 
tition. She did not design orchids for Junior 
Proms. She designed that flower of exotic beauty 
and fragrance to get the attention of a worker 
bee whose legs were covered with fertilizing 
pollen from some other orchid. It just happens 
that humans appreciate the beauty of orchids. 
Beauty arises from utility. 

So we are perfectly safe in basing all of 
our design on the foundation of mathematical 
correctness for the purpose for which the prod- 
uct of design is to be used. 

If there appears to be undue emphasis on 
design of welded structures as a creative art, 
it is because there exist some examples which 
fall short of either economic or artistic justifi- 


cation. Welded structures fail prematurely if 
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they are not designed properly. Such failures 
may cause loss of life, property damage, or 
both. Since failure to design a structure so it 
will give the required service is far oftener due 
to the lack of a clear and 
sound conception of basic 
principles of engineering de- 
sign than it is to defects of the 
technique of design and drafts- 
manship, we may emphasize 
that an outline of the general 
plan one should follow in de- 
signing a welded steel struc- 
ture is most desirable. 

The first step in the neces- 
sary planning is to state in 
writing the complete service 
requirements to be met. It is 
most dangerous to shirk this 
duty. It is analogous to writ- 
ing the specifications of the 
job to be done. 

Among other things, this 
clearly involves statement 
of the service life of the structure, since it might 
be entirely different if the required life is three 
vears than though the required life is 20 vears. 
(Nothing lasts forever.) In certain classes of 
machinery, the life may be expressed in terms 
of cycles of operation; in the case of automo- 
biles, miles the car may be driven; bridges, in 
terms of calendar vears; warships, in terms of 
minutes of action in battle. In the case of the 
structure under consideration, a clear concep- 
tion must be obtained of factors which will 
operate to shorten the life of the structure. Fa- 
tigue, corrosion, and abrasion are examples of 
such degenerative influences. 

While designers whose principal source of 
inspiration is an engineering handbook may 
not be expected to know it, there is a general 
disposition among capable engineers to insist 
that structures should have a service life at least 
as long as is required to amortise the bonds is- 
sued to pay for the work. To do otherwise 
would be to descend to the level of highway 
departments that design and build roads which 
wear out and have to be replaced twice before 
the first bond issue is amortised! Lest such 
remarks be considered facetious, it should be 


recalled that there is excellent statistical evi- 
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Fe this article of his 
series on engineering 
aspects of welding, Mr. 
Kinkead takes the stand 
that mathematically cor- 


rect design as to space 


will completely satisfy 
the aesthetic senses. 


Welding promotes this 


end, for it removes many 
limitations of former 
methods of construction 


dence that very, very little heavy engineering 
equipment, automobiles, or domestic appliances 
are being bought by cash across the counter. 
It is often valuable to construct a space- 
force diagram in which 
the direction and magni- 
tude of all of the forces 
are shown and the space 
relationship of the sev- 
eral operating forces es- 
tablished. Having such 
a diagram or model, we 
may suggest a disposition 


of metal to resist the op 


dimensions and time 


erating forees. We say 
suggest advisedly, be- 
cause the first approxi- 
mation of how the metal 
shall be disposed to resist 
the operating forces wili 
in most cases be subject 
to radical modification. 
As has been said be 
fore, continuity is an 
ideal to be approached in the design of any 
metal structure. A casting certainly meets that 
ideal. But castings do not always meet the 
economic necessities. In many cases not involy 
ing mass production, the cost of using castings 
is too high, so in the design of the welded metal 
structures, we propose to put together individual 
pieces of metal and weld them into a continuous 
and harmonious whole. The problem is one of 
culling and forming these individual pieces so 
that they satisfy this basic requirement when 
they are welded together. For machinery, auto- 
mobiles, ships, and similar construction we are 
generally driven to the use of formed plate and 
tubes, for it is usually difficult to get a sufli- 
ciently close approximation of what we want 
from structural shapes, originally designed for 
riveted construction on bridges and buildings. 
Welded structures may be entire assemblies 
of parts which have been cold pressed and 
welded together. The number of structures to 
be made will determine how far we can go in 
the direction of making dies for the presses, and 
will also, to a considerable extent, determine 
the welding process we use. In many cases, 
welded structures are made up of parts which 


have been formed on a (Continued on page 52) 
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Nital Etch for Macrostructure 


Pa. In checking over 
published lists of etching methods for re- 
vealing the macrostructure of steel, we were 
surprised to find that 5‘ nital has been scarcely 
mentioned. 

At SKF Research Laboratory we have 
found this to be extremely valuable, especially 
for heat treated pieces. The procedure is first 
to clean the piece thoroughly with gasoline, 
wash with alcohol, and etch for about 5 min. 
in nitric acid in aleohol. On removal from 
the solution, the piece will be covered with a 
film of black sludge (largely carbides) which is 
washed or scrubbed off with a soft rag mois- 
tened in alcohol. The piece is next immersed in 
a 10% solution of hydrochloric acid in alcohol 
for a few seconds merely to clean it up and 
increase the contrast. 

Troostite spots in martensite, ferrite areas, 
tempering from improper grinding, or other 
inhomogeneities in the structure are clearly 
shown. On standing for about 15 min. after 
etching, the very finest cracks are revealed by 
the acid working out by capillarity. 

This etch is non-destructive and removes 
only a small fraction of a thousandth of an inch 
from the surface of most steels. 


H. O. Wap 


De. Giolitti Summarizes His 
Knowledge About Flakes 


home Irany While I completely agree 
with many essential points developed in 
the very interesting article on “Flakes in Alloy 
Steels” by H. H. Ashdown, in the November 
issue of Merat Progress, there are some points 
on which my opinions differ. 


During the three years prior to the War 
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and during the War, | had especially good op- 
portunities for a practical study of this problem, 
as the Ansaldo Steel Works (of which I was 
general superintendent) turned out more than 
10,000 guns of all calibers from 3 in. to 16 in. 
This certainly was nearly, if not actually, the 
largest production of ordnance by any existing 
factory in those years. 

During the whole period, | acquired a con- 
siderable number of facts, which can be briefly 
summarized as follows: 

1. Contrary to the observations of Mr. Ash- 
down, we always found that the cleanest steels 
(we made them mostly in acid-lined furnaces) 
melted and refined with the greatest care, and 
showing superior physical properties when 
tested in a direction transverse to the greatest 
compression during forging, were practically 
immune from flakes. 

2. I could never find a single instance 
where hairline cracks could be detected by the 
most careful search on the polished surfaces 
of gun forgings, either externally or in the in- 
terior of the bore. This statement is also true 
for steels which developed conspicuous flakes 
on the surface of fractured test pieces cut from 
finished forgings. 

3. The development of flakes in test pieces 
may depend in a noteworthy degree upon the 
testing procedure slow deformation usually 
favoring the formation of flakes. 

!. In cases where flakes are not too fre- 
quent or too developed, a proper heat treatment 
can completely cure the disease. For obvious 
reasons of brevity T cannot discuss this state- 
ment here in detail. 

In really clean and carefully made steels 
we never had flakes even though the forgings 
were cooled on the floor (a practice to which 
Mr. Ashdown strongly objects, as it is, in his 


opinion, a prime cause of flakes). This oc- 
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curred rather often, on account of the great 
urge for production during the War. “Clean 
steel,” in the above sense, is a steel which not 
only appears free from the impurities detect- 
able by microscopic and macroscopic investi- 
gation, but is also exempt from the so-called 
“emulsified inclusions,” and which shows ap- 


proximately the same physical properties in the 


transverse and longitudinal directions after 


forging and heat treatment. 

Taking into consideration these facts (which 
I have developed in several articles published 
principally in Italian and German journals) my 
opinion on the origin of flakes may be stated 
briefly as follows: 

I agree with Ashdown’s statement that flakes 
must be born after forging, but I do not think 
that this occurs (mmediately after forging, and 
simply as a consequence of intercrystalline 
cooling stresses, without being influenced by 
impurities in the steel. On the contrary, I be- 
lieve that the intererystalline stresses (origi- 
nated by allotropic changes during cooling) do 
not cause the slightest internal crack when the 
impurities in the steel are below a certain very 
low limit. This is proved by the facts pointed 
out above as paragraphs 1 and 5. Only in very 
impure steels (such as I never met in the manu- 
facture of guns) can the cracks develop imme- 
diately after forging by the simple effect of 
cooling (see point 2). In steels of medium 
purity the cracks are formed when the cold metal 
is submitted to suflicient stress, whereupon the 
impurities (accumulated in what were the in- 
tercrystalline joints before the heat treatment) 
vield locally, and act as starting points for 
cracks. This explains the facts I have quoted 
above in paragraphs 2 and 3, and also the re- 
marks in paragraph 4, since, as is well known, 
some impurities may be caused to diffuse dur- 
ing proper heat treatments. 

It is evident that all the facts I have quoted 
in 1 to 5 could not be explained by Ashdown’s 
hypothesis that the cracks corresponding to the 
flakes (or, rather, being the flakes themselves) 
are formed, even in very pure steels, by the 
simple effect of cooling after forging, and are 
in existence before the external strains are im- 
posed such as by a testing machine to 
fracture the entire piece and thus expose a sur- 


face upon which the flakes are observed. 
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Leaving aside the very impure steels, in 
which cracks may actually take place by the 
simple effect of too rapid cooling after forg- 
ing, my opinion (based on the facts I have 
quoted before) is briefly that flakes are formed 
only when the cold steel is submitted to a sufli- 
cient strain, and they correspond to the planes 
of weakness in which impurities have accumu- 
lated during the original crystallization of the 
steel ingot. 

Of course, a rapid cooling after forging may 
increase and a slow cooling decrease the 
local tensions on the weak places where flakes 
are formed at a later moment, when the cold 
metal is submitted to mechanical strains. 

In this case of very impure steels but 
only in this case I agree with Mr. Ashdown’'s 
view that cracks can form immediately after 
forging. I may add that many vears ago I had 
the opportunity of studying a few very large 
nickel steel forgings in which the facts quoted 
by him were exceptionally well developed. The 
results of that study were published in 1915 in 
Industria, and are quoted in part in my volume 
on “Heat Treatment of Soft and Medium Steels,” 
Feperico 


pages 117 to 151. 


Gear Hardening With Oxy - Acetylene 


ENGLAND — Considerable 
interest is being shown in Great Britain 
in the surface hardening of gear teeth about the 
pitch line by an oxy-acetylene flame. The hand- 
operated process of localized hardening is by 
no means new, having been practiced for at 
least 20 vears, but was never developed widely 
owing to the variability which was likely to 
occur even with skilled workmen. Introduction 
of a machine about four vears ago to give me 
chanical control of the process revived interest, 
and now that suflicient service results on varied 
work have accumulated, its uses are spreading. 

For gears too large for quenching or case 
hardening, it provides a means whereby a wear- 
ing surface of from 150 to 700 diamond Brinell 
can be obtained. Since parts so treated under- 
go little or no distortion, it is valuable also for 
medium sized work, 

Briefly, the machine consists of a suitable 
tank wherein the gear is immersed up to the 


center in water (helical or bevel gears being 
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suitably canted) to leave the surface of one 
tooth flush with the cooling liquid. An oxy- 
acetylene blowpipe of special design is attached 
to a motor-driven head, so arranged and the 
controls so set that the flame travels at a pre- 
determined speed over the exposed face of the 
tooth. 


depth of hardening and vice versa. 


The slower the travel, the greater the 
A jet of 
water (or in certain cases nitrogen) following 
the blowpipe quenches the heated surface so 
that as the blowpipe travels one sees a movy- 
ing area of steel raised to quenching tempera- 
ture and being immediately cooled. 

A simple indexing device pitches the gear 
wheel round after one surface of one tooth has 
been hardened, and when one side of all the 
teeth have been hardened the gear is reversed 
to do the other side, unless it is to run in one 
direction only in service. 

Suitable stops and valves combined with 
a small pilot flame cause the blowpipe to ignite 
immediately the tooth surface is reached, and 
to be shut off as soon as the blowpipe has fin- 
ished its traverse of one tooth, thus economiz- 
ing in gas. The blowpipe incorporates one to 
live jets, depending on the pitch of the gear. 
Machines have been developed to harden gear 
tecth ranging in size from 7 diametral pitch 
to | diametral pitch. Other devices are attached 
and other modifications are possible to suit 
varied requirements of parts other than gears 
which are desired to be hardened in certain 
regions only, 

The steels used range from 0.10% carbon 
steel to O0.65°) carbon steel, and include prac- 


tically all of the engineering alloy steels. It 


has latterly been extended to cast iron, and the 


Full Size View of Gear Teeth, Sectioned and Etched. to Show 
Depth of Hardening by Automatic Oxv- Acetylene Flame 
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writer has just supervised the treatment of a 
double helical wheel of this material, 11 ft. 
diameter, 16 in. face, 220 teeth. 

In a properly treated gear, the depth of 
hardening should be similar to that shown in 
the accompanying macrograph. The greatest 
depth of hardening on the pitch line can be 
varied from 0.020 to 0.15 in., and without seri- 
ous grain growth of the outer layers. 

In general the hardness 10 to 700 is 
greater than that which can be obtained from 


While 


for sheer wear resistance and general load car- 


the same steel by a full water quench. 


rving capacity, the writer would not say the 

process rivaled that of case hardening, the 

method does fill a very wide and useful field. 
Francis W. Rowe 


Duplex Refining Process 


pr FRANCI Numerous and yvolumi- 
nous studies have been published during 
recent vears on the application of thermody- 
namics to reactions between melted steel and 
slag reactions which are the fundamentals 
of metallurgical processes. Their authors have 
undertaken lengthy mathematical speculations 
based on a comparatively small number of anal- 
yses of slags and baths sampled at various tem- 
peratures. However, the application of such 
mathematical expressions requires that chemi- 
cal equilibrium be attained a matter of great 
uncertainty as yet. In fact, we have no experi- 
mental data on the speeds of reaction between 
metal and slag, though this be the principal 
factor in metallurgical reactions. 

Such speeds must be known in order, first, 
to obtain the conditions necessary to reach equi- 
librium, and secondly to apply the thermo- 
dynamical equations. If equilibrium could 
really be obtained, the composition of the metal 
al a given temperature could be determined 
from the slag analysis and vice versa, where- 
upon uniform production could be guaranteed. 

The speed of reactions between liquid metal 
and slag depends on several variables such as 
the chemical composition of the two phases 
and their relation to the equilibrium compo- 
sition, the fluidity of these phases, the area of 
the contact surfaces, and the stirring movements 


within slag and metal. The extent of the inter- 
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IT’S FAIR AND WARM 


ye 


Outside, hurrying feet plod on 
against the winds and swirl- 
ing snow of winter. On sucha 
day, it is good to be indoors 


where all is snug and warm. 


ALL outdoors may be frowning, the thermometer close 
to zero, street travel an exhausting task. Yet to your 
telephone it is as clear and fair as a day in June. 
Without moving from your chair at home or in 
your office, you can send your voice across the snow- 
swept miles. Wind and weather need not delay the 
necessary tasks of business or break the ties between 
friends and relatives. Through all the days of the 
year, the telephone is your contact with the world 
beyond your door. It knows no season—no letting up 


when the going gets hard. Through storm and flood, 


BELL TEL 
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EPHONE 


TELEPHONE! 


an army of trained employees works ceaselessly along 
the highways of speech. 

This very day, as you talk so easily from the 
warmth and comfort of your home, a lineman may be 
scaling a pole far out on a frozen mountainside—so 
that the service may go on. So that you may talk to 


almost anyone, anywhere, at any time. 


Make someone happy these winter days through a voice visit by 
telephone. A boy or girl at school, a mother or father in 
another city, or a good friend away on a visit. To most places 
175 miles away, for example, the rate for a station-to-station call 
is 95e in the daytime, 85c after 7 P.M., and 55c after 8:30 P.M. 


SYSTEM 
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facial area and the stirring appear to be the 
most important variables. Reactions are almost 
instantaneous on the very contact surface be- 
tween phases; any stirring action is vastly more 
important than movement by diffusion, which 
otherwise is the principal factor for obtaining 
equilibrium throughout metal and slag. 
Naturally, the surface in contact may be 
greatly extended by puddling or any mechanical 
mixing of two phases, especially when an emul- 
sion is obtained. For example, if a slag layer 
of height A is dispersed into the metal under 
the form of small spherical drops of diameter 
e, the contact surface is then multiplied by 
6x h 
dimension of an emulsion) the area of the sur- 


e:forh 10 cm. and e 1 micron (the 
faces in contact is multiplied by 600,000, 

These two variables, contact surface and 
stirring, depend upon the fluidity of the phases; 
in the case of great viscosity, diffusion and the 
motion inside the two phases are very much 
retarded moreover, it is impossible to en- 
large greatly the area in contact by stirring. 

The above variables are quite different ac- 
cording to the metallurgical processes employed, 
with the result that the speeds approaching 
equilibrium may vary enormously. <As_ vet, 
these relationships can be mentioned only in 
a qualitative way, for want of precise data. 

In converter operations a violent mixing 
of the phases occurs; the contact surface is con- 
siderably enlarged even though the slag be- 
comes very fluid only after the temperature 
is raised by heat evolved by the reactions; the 
reaction is consequently very rapid and_ the 
operations may be halted at a defined chemical 
composition of the metal. 

In the open-hearth processes the contact 
surface is much constricted; no puddling of the 
two phases occurs during long periods; the slag 
is kept rather viscous to avoid scouring the 
linings during the long operation; therefore, 
the reactions are slow. 

Speed of reaction in the are furnace is 
greater owing to the higher slag temperature. 

In the induction furnace the liquid metal 
is stirred magnetically, which phenomenon in- 
creases the rate of exchange with the slag, but 
the surface contact is still smaller than in the 
open-hearth; the slag is heated only by the 


metal and remains, consequently, cooler and 
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less fluid. 


However, reactions may be fast ow- 


ing to the motion within the melted metal. 
Campbell observed (in a high frequency fur- 
nace with an oxidizing slag) carbon losses of 
0.6°¢ in 14 min. and 2° in 45 min., and also a 
phosphorus drop of 0.1°¢ in 20 min. 

Much greater speeds of reaction are ob- 
tained by intimately mixing slag and liquid 
metal, by means of a strong puddling action, 
thus providing an emulsion of the two phases. 
In such conditions more than 0.1°¢ phosphorus 
has been eliminated with an adequate slag in 
less than 1 min., during which time equilibrium 
of the two phases is practically attained. This 
may be compared to what happens during over- 
blowing in the basic bessemer. As for deoxida- 


tion, the diagram shows that with a suitable 


> Mn 0 “ia 

2 

= 

2 4 6 8 10 12 4 16 18 


Number of Puddings 


Change in Distribution of Manganese and Silicon, 
Slag to Metal, After Repeated *Puddlings by Impact™ 


slag (in the present case, 14) SiO,, 8.5°. TiO,, 
13.5', ALO,, CaO, MgO) equilibrium 
is practically reached at ten puddlings by im- 
pact, in a total time of no more than 70 sec.! 
Equilibrium with the same slag is not attained 
after 15 min. when the operation is undertaken 
in a high frequency furnace. 

It may be concluded that the quickest speed 
of decarburization is realized in the converter, 
whereas deoxidation is most rapidly done by 
the new emulsion processes puddling the 
liquid metal with the fluid slag, a process we 
have already mentioned, just a year ago, in the 
February number of Merat Progress. A com- 
bination of these two operations in the form 
of a duplex process will certainly obtain the 
maximum of speed and precision. 

ALBERT PORTEVIN 
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FIGURES 


WHICH MAY INTEREST YOU 


These figures, representing regular production 

over a period of months, have been obtained from 
different plants in this country and they cover the acid 
consumption, per ton of material pickled, found in those 


plants: ACID USED 
Be. Pounds 


Breakdowns 60 28-30 
Black plate pickler, tin plate mill 60 68-72 
Butt weld pipe, silica bottom furnaces, straightened cold, 4 to os” 60 33-35 
Alloy and straight carbon, annealed, normalized, heat-treated 
automobile forgings, all kinds 66 19-21 
Rod and wire mill, large tonnage; pickling 
rephosphorized, 65-75 carbon patent anneal rod - 60 39-40 


Representing average mills, average plant and equipment 

conditions, simple pickling room control and the use of a 

good inhibitor, we believe these figures prove the economy 

of efficient, economical pickling ... Would your plant be in 

this list? If not, Grasselli 3 Powder Inhibitor and Grasselli 
Service can be of benefit to you. 


GRASSELLI SERVICE 


Not a name but a complete all-around laboratory and plant pickling 
service ... maintained for the purpose of servicing our products 
and your problems. We ask you to make use of it. 


THE GRASSELLI CHEMICAL COMPANY, Incorporated, CLEVELAND, OHIO 
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Tus is the experience of a famous New England tool manu- 
facturing plant. Other users report similar advantageous results. 


Perhaps our engineers can be useful to you. 


PAT OFF 


The Carborundum Brand Silicon Carbide Refractory 
BRICK + TILE - MUFFLES - HEARTHS - CEMENT 


THE ¢ ARBORUNDUM COMPANY Refractory Division) Perth Amboy, N. J District Sales Branches: Chicago. Cleweland, Detroit. Philadelphia 


Pittsburgh Agents: L. F. McConnell, Birmingham, Ala.: Christy Firebrick ¢ ompany, St. Louis; Harrison & Company, Salt Lake City, Uta Pacih . 
pply Co., Los Angeles, San Francisco, Seattle: Denver Fireclay Co., El Paso, Taxas; Williams and Wilson, Ltd., Montreal-Toronto, Canada. Carb 
( arbotrax are registered trade marks of The Carborundum ¢ ompans 
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Higher Accuracy Insures 
BETTER HEAT TREATMENT 


lo improve quality —cut costs and speed up produc- A 
HUMIDITY COMPENSATOR for chart futomaticalls compen 
tion Heat-Treating processes today demand closer for by paper expansion end contanion 
temperatures in the control of furnace operations. B 

or FNTRA LONG SLIDE inches and rheostat for stand 
Because of its extreme accuracy of 5 of 1% of ond in ond bs oll, 


from corrosion 


the range, Brown Potentiometer Pyrometers more 


than meet these higher production standards. . . For OTHER FEATURES ARE DESCRIBED 
example, the humidity compensator (A) eliminates I\ THIS BOOK 4 
errors caused by paper expansion and contraction. ¥ 


The 40° slide wire (B) is enclosed in glass immersed 
in oil, and protected from corrosion-— wear is reduced 
to a minimum and accuracy Is maintained. 


Repeat orders after repeat orders from leaders in the steel in- 
dustry — are positive proof that the accuracy of Brown Po 


tentiometers helps you to better your product and cut costs. 
ASK FOR 
CATALOG 1101 


Write for information . . . Ask for Catalog 1101 
THE BROWN INSTRUMENT COMPANY 


4503 Wayne Ave., Philadelphia, Pa. Branches in 22 Principal Cities 


YROMETER 


ROWN POTENTIOMETER 
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Lost Contracts 


are often due to : 
lack of knowledge of raw materials 


Anyone doing heat treating or cold working in any 
form does not know his product unless he uses 
metallography. 

Not knowing his product, his business is vulnerable 
to lost contracts due to defects and inferior quality. 


Equipment necessary for metallography need not be 
and the results obtained with it will re- 


expensive 
pay the investment time and again. 

Bausch & Lomb manufacture a complete line of 
equipment for metallography including the FSM 
microscope for visual observation, the S I for routine 
photomicrographic work, and the Large Metallo- 
graphic Equipment with its unlimited possibilities 
for advanced photomicrography over a wide range 
of magnification. 


May we discuss your problems with you?) A request 
from you will command our fullest cooperation. 
From Cast Iron to Brass, the Metallograph tells 


the story. Above is a photomicrograph of Brass 


as worked and annealed. Below is one of Cast 


Iron as cast. Photomicrographs by Mr. J. Vilella, 
Union Carbide & Carbon Research Laboratories. 


BAUSCH & LOMB OPTICAL CO. 


638 St. Paul Street Rochester, N. Y. 
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Recent Progress in Die Casting, E. F. Ross, Steel, 


Jan. 1, p. 131; R. L. Davis, Machine Design, Jan., p. 33. 


Die Castings Vs. Stampings, Herbert Chase, Iron 
Age, Dec. 28, p. 26... .. Pressure Casting in Plaster 
Molds, Iron Age, Dec. 28, p. 32. 


Iron & Steel Foundry 


Cast Iron, Progress During 1934, J. T. MacKenzie, 
Mining & Metallurgy, Jan., p. 35; H. M. Lane, Iron Age, 
Jan. 11, p. 23... . Recent Improvements in Steel 
Foundry Practice, RK. A. Bull, Mining & Metallurgy, 


Jan., p. 36... .. A Metallurgist’s Outlook on Modern 
Foundry Production, J. R. Handforth, Foundry Trade 
Journal, Jan. 4, p. 11..... Need for a Classification of 


Foundry Steels, R. A. Bull, Metals & Alloys, Jan., p. 1. 

Symposium on Cast Lron, 164-page book by Ameri- 
can Society for Testing Materials and American Foun- 
drymen’s Asso... .. Cast Iron and Its Production, 
M. V. Healey, Electrical Engineering, Jan., p. 120. 
. Gray Iron From Acid Electric Furnace, C. L. 
Frear, Transactions, American Foundrymen’s Asso., 


Ds Production of Sound Iron Castings, 
Iron & Steel Industry, Dec., p. 75. .... Deoxidation of 


Cast Iron, W. F. Chubb, Metallurgia, Dec., p. 53... .. 
Strength Properties of Cast Iron, J. E. Hurst, Metal- 


lurgia, Deec., p. 43... Toughness of Hot Cast Iron, 
F. B. Dahle, Metals & Alloys, Jan., p. 17..... Vanadium 


and Cobalt Additions to Cast Tron, J. E. Hurst, Iron & 
Steel Industry, Dec., p. 67. 

Chromium Alloy Steel Castings, J. H. Critchett, 
Foundry, Jan., p. 16. 

Malleable Cast Iron as an Engineering Material, 
C. C. Hodgson, Machinery (British), Dee. 7, p. 273. 

Malleable From Duplexed Cupola and Electric 

Furnace, C. B. Teeter, Iron Age, Dec. 28, p. 12. 


Welding 


Welding in 1933: Reviews by P. L. Alger, General 
Electric Review, Jan., p. 29; E. F. Ross, Steel, Jan. 1, 
p. 124; Factory Management & Maintenance, Jan., p. 29; 
Machinery (British), Jan. 11, p. 435. 

Qualifying Tests for Welders, E. Lunn, (Paper 
for American Welding Society), Boiler Maker & Plate 
Fabricator, Jan., p. 18..... Shop Practice in Welding, 
W. Gibson, Aircraft Engineering, Jan., p. 20. —_ 
Navy Boiler Drum Practice for Fusion Welded Pipe, 
Boiler Maker & Plate Fabricator, Jan., p. 2... 
Standard Pipe Welding, John Zink, Industry & Weld- 


Are Welding of Galvanized Steel, 
L. C. Bibber, Journal, American Welding Society, Dec., 
p. 4. 


Gas Welding of Aluminum, H. Herrman, Welding 
Industry, Dec., p. 347... . . Welding Rods for High 
Nickel Alloys, Inco, Jan., Pp. is 

Nature of Are Welded Metal (A Series), Robert 
Notvest, Welding, Dec., p. 535... . . Corrodibility of 
Welds by Alternate Immersion in HCl, F. R. Hensel, 
Metals & Alloys, Jan., p. 11. 

Flame Cutting of Steel for Welded Joints, Welding 
Industry, Dec., p. 352. 

Electric Resistance Welding, K. L. Nielson, Weld- 
ing Industry, Dec., p. 341... . . Resistance Welding 
Control Devices, R. L. Briggs, Industry & Welding, 
Dec., p. 22... .. Timing of Spot Welders, (two arti- 
cles), D. GC. Wright and Carroll Stansbury, Journal, 
American Welding Society, Dec., p. 13 and 17... .. 
Automatic Controls for Electric Welders, H. W. Roth, 
Journal, American Welding Society, Dec., p. 10. 

Construction of Pressure Regulators, G. M. Dem- 
ing, Journal, American Welding Society, Dec., p. 22. 
. . . Pressure Booster for Acetylene Distribution, 
C. S. Milne, Welding Journal, Dec., p. 365. 

Welding for Pressure Vessels, Robert Sulzer, 
Transactions of the Institute of Marine Engineers, Dec., 
p. 257; Engineering, Dec, 22, p. 686. 


METAL PROGRESS 


INS ZG 

| | 

BAUSCH €LOMB 


MM-I 


This equipment embodies the latest optical Some of the outstanding features of dark- 
and mechanical improvements for visual field illumination 
A. Revelation of the true surface relict 
observations as well as photomicrography. structure in perfect contrast due to 
The new darkfield illumination as a sup- complete freedom from internal reflec- 


tions, unavoidable with vertical illumi- 
nation. 


plement to vertical illumination produces 


effects which permit microscopical analy- B. Revelation of ultra microscopical in- 

clusions due to diffraction. 

sis Where observation of structural details 
C. Increased resolving power due to high : 

was impossible heretofore. aperture of illumination. 


A new series of objectives corrected for infinity and especially designed 
for darkfield as well as vertical illumination greatly increases the efficiency 
of the apparatus. The new automatic are lamp of improved design 
adapted to the rigid illumination stand operates with utmost reliability. 


Lerrz 
MM-2 


£. 


This instrument with the microscope stand identical to that of Model MM-1 
meets practical requirements in laboratory use, including darkfield illumi- 
nation. An incandescent lamp of high intensity in precentered and focused 
mount guarantees a truly permanent alignment of the illumination system. 
Although of highest efficiency, the instrument is so moderate in price that 
Industrial and Educational Laboratories with limited purchasing budgets 
can be accommodated. 


Write for Literature: Section 52-B 


E. LEEITZ. dept. 159. 60 East 10th Street, New York. N.Y. 


WASHINGTON, D. C, CHICAGO, ILLINOIS LOS ANGELES, CALIF. SAN PRANCISCO, CALIF, 
1427 Eye st. N. W, 122 8. Michigan Ave. SIL W. Seventh St, <6 Third st, 
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or 


Heat-resisting or 
Corrosion-resisting 
Applications 


Specity 
Cast NICHROME 


Carburizing Containers 
Heat-treating Containers 
Pyrometer Tubes 

Lead Pots 

Cyanide Pots 

Furnace Parts 


or Cast CH ROM AX 


Carburizing Containers 
Lead Pots 

Cyanide Pots 

Furnace Parts 


DRIVER-~HARRIS COMPANY 


HARRISON, NEw JERSEY 


WITHOL T 
QUALITY 
COMPETITION 
OLDEST and LARGEST 
EXCLUSIVE MANU- 
FACTURER OF HEAT 
AND CORROSION RE- 
SISTANT ALLOY 


CASTINGS 


GENERAL ALLOYS CO. 


BOSTON CHAMPAIGN 


WELDING DESIGN 


(Continued from p. 37) bending brake. The job 
of determining how the individual pieces will 
be cut and formed is one which involves many 
more factors than it is possible to deal with 
here; in many cases, the designer will have to 
do what he can rather than what he would like. 
The degree of perfection he attains will be 
measured by the degree to which he is able to 
meet the economic necessities and satisfy the 
greatest number of people with the line, form 
and general appearance of the structure. 

Experienced designers tend to pay most 
attention to the point of maximum load or 
points of high loads and pay little attention to 
other parts of the structure. In general, this is 
a dangerous habit to fall into for the reason 
that a load applied to any part affects, in some 
degree, every part of a continuous structure. 
This is particularly true where the limiting fac- 
tor in service is not resistance to fatigue, or 
strength, but total deformation under load. The 
behavior of the structure as a whole under load 
is what we are interested in and to form the 
habit of dealing only with areas of high loading 
may lead to serious error. 

To summarize the course of our thought up 
to the present time (in this and the preceding 
articles) : 

In applying the welding processes, we must 
recognize the changes brought about in the orig- 
inal metal by applications of the welding heat 
cycle. These changes are frequently a subtrac- 
tion of desirable properties, and due allowance 
must be made for what has been subtracted. 

The ideal design meets economic necessi- 
ties. Stated otherwise, the cost of use of the 
welded structure is less than the cost of use of 
some other kind of a structure. 

The ideal design satisfies the artistic sense 
of the greatest number of people. 

We must cut and form pieces of metal so 
that we can assemble, by welding, into a har- 
monious whole. Where complete freedom of 
action in forming the metal is inhibited by lack 
of equipment, the most harmonious combina- 


tion must be chosen. 
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